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I.
Since  the  epoch-making  discovery  of  Ehrlich  and  Hata  in  the
treatment of  syphilis, various investigators have attempted to apply
chemotherapy  to  tuberculosis.  The  results  of  my experiments,  up
to the present, will be given in this communication.
In  1890  Koch  reported  before  the  Tenth  International  Medical  Congress
that the influence  of telepine  oil,  aromatic  substances,  ft-naphthylamine,  p-tolui-
dine,  xylidine,  dyes  such  as  fuchsine,  gentian  violet,  methylene  blue,  quinoline
yellow,  auramin,  the  steam  of  mercury,  and  chemical  substances  containing
silver or gold, had been tested upon the growth of tubercle  bacilli.  Of these, po-
tassium auricyanide  was found to have remarkable  germicidal power.  In a dilu-
tion of 1: 2,000,000 it kills the tubercle bacillus in  vitro, but is  powerless  in vivo.
Although  the  cyanides  of  various  metals  have  certain  specific  affinities  for the
tubercle  bacillus,  yet potassium  auricyanide  seems  to  change  into an inert  sub-
stance  by the  action  of  the  organic  cells  even  before  it  reaches  the  tubercular
lesion  or  the  bacillus  itself.  While  I was working on  experiments  to prove this
point,  Fischer  reported  that  the  excretions  of  the  epidermis  of  a  tubercular
patient,  as well  as  tuberculin,  may  prevent  0.5  per  cent  solution  of  potassium
ferrocyanide  and  1 per cent  solution  of  ferric  chloride  from combining  to form
Berlin  blue.  This shows  that the excretions may combine  with  one  of  the  two
chemical substances  before they combine  with  each  other.  On  the  other  hand,
Finkler,  von  Linden,  Meissen, Strauss,  and  others,  reported  that  copper  exerts
an  influence  on  the  tubercle  bacillus,  and  I  have  also  proved  this  by  experi-
ments.
* The  original  paper  in Japanese  was  read  before  the Alumni Meeting of the
Kitasato Institute for Infectious  Diseases,  Tokyo,  Apr. 4,  1915.
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I prepared  a  compound  of copper  and  cyanide,  both  of which  are
known  to  exert  an  influence  on  the  tubercular  lesion.  This  com-
pound  may have an injurious  effect  upon the organic  body unless it
is  treated  chemically  before  being  introduced  into  the  body.  The
chemical  compound,  which  is  the  subject  of  this  article,  has  been
prepared  with  a  specific  treatment  so  as  to  lessen  the  lesional  re-
action.  With  this  product  I have  made experiments in  the  chemo-
therapy of tuberculosis.
Preliminary Experiments.
Guinea pigs were employed in the preliminary  experiments.  2 mg.
of  the  human  type  of  the  tubercle  bacillus  were  introduced  under
the skin  on  the left  side  of  the chest,  and  observations  recorded  of
the  effect  of  the preparation  upon the duration  of life,  body weight,
and  macroscopical  changes  of  various  organs,  as  well  as  of  the
microscopical  changes  and  the  number  of  tubercle  bacilli.  Of  six
guinea pigs injected with tubercle  bacilli,  three were kept as controls
and  the  remaining  three  were  treated  with  the  chemical  prepa-
ration.
0.5  cc.  (0.1  of a  lethal dose)  of the solution of potassium  cyanide,
diluted  1: 10,000,  was  given  subcutaneously  every  other  day.  All
the experimental animals died after gradual loss of body weight, while
the controls  remained comparatively  healthy.  The macroscopic  and
microscopic  changes  in  the  treated  animals  exceeded  those  of  the
controls.  In a dilution of 1 :1,000,  however,  this  chemical prepara-
tion will inhibit the growth of the tubercle bacillus in vitro.
The potassium  cyanide  was  treated  with  a  specific  manipulation
in order  to prevent  the formation  of free  hydrogen  cyanide and the
subsequent chemical changes into potassium and ammonium formate,
which  process  is  accelerated  by  heating.  The  preparation  thus
treated  has  been  found  not to  decompose  even  after  a  lapse  of  6
months.  The chemical  substance  thus prepared is  called  Liquid  A.
The lethal dose of  this solution is 0.025  gm. per  kilo of body weight
in rabbits, and 0.005 gm. per  100 gm. of body  weight in guinea pigs.
In this case  Control Animal  1 died of general miliary tuberculosis  11
weeks after  the injection  of  the  tubercle  bacilli,  preceded  by  loss of
body  weight  and  dyspnea.  The  treated  animals,  on  the  contrary,
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began to increase in body weight and were livelier in their movements,
and  I  therefore  killed  them  1 week  after  the  death of  the control
animal.  In  the controls  large  numbers  of bacilli were  found in  the
lungs,  liver,  and  spleen,  while in  Treated  Animals  2 and  3,  which
received  the  hypodermic  injection  of  the  liquid,  these  organs  con-
tained  few  or  even  practically  no  bacilli.  Moreover,  the  infection
site of the treated animals consisted of an inactive cicatrix, as observed
under the microscope,  while  that of the control was in a progressive
state.  In  Treated  Animal  4,  which  received  the  injection  of  the
liquid at an interval  of 5 weeks from  the time  of infection,  the infec-
tion site was not healed, and the left inguinal gland showed a cheesy
degeneration.  Microscopical  examination  showed  the  tuberculosis
still  to  be  progressive,  yet  a  remarkable  elimination  of  the  bacilli
and  an  increase  in  body  weight  were  also  observed.  From  these
results it may be inferred  that tubercle-infected  animals that receive
hypodermic  injections  of Liquid  A  will  outlive the  control  animals,
and  present  a  marked  arrest  of  the  pathological  lesions.  In  order
to  determine  the  curative  effect  of  Liquid  A,  the  experiment  was
repeated  with  the results  shown in Table I.
Advancing  tuberculosis indicates active  inflammation  around the lesion  where
the  nodules  are  present,  dilatation  of  the  blood  vessels,  and  infiltration  of  the
leukocytes  and  small  round  clls.  Sometimes  the  nodules  contain  giant  cells,
accompanied  by  marked cheesy  degeneration  and  with small  production  of epi-
thelial  cells.
Suspended  tuberculosis  indicates  that the  lesions  contain  giant cells  and pre-
sent  cheesy  degeneration,  but  show little  inflammation  about  the  edges  of  the
nodules  or in the surrounding  tissues,  while  a vigorous growth of epithelial  cells
is taking place, accompanied by infiltration  of small round  cells.
Arrested  tuberculosis indicates that the lesion is devoid of giant cells or cheesy
degeneration,  while  the nodules  themselves  are  changed  into  connective  tissue,
perhaps surrounded by muscle  tissue, with  only slight infiltration  of small  round
cells.
Control Animal  5  died of general miliary  tuberculosis  in 12  weeks  (Table II);
Treated Animals  7 and 11  lived in  apparent health for 10 months, when they were
killed  for  examination.  No.  6  died  of  cold  in  21  weeks;  No.  8  of  a bite in 22
weeks;  No.  9 of  hemorrhage  into the  abdominal cavity in  22  weeks; No.  10  of
an external  wound  in  27  weeks;  No.  13 of  ascites in  22  weeks.  Microscopical
examination  showed  that  only in No.  11  were  progressive pathological  changes
present, while  the  remaining  seven  treated  animals  harbored a small  number  of
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TABLE  I.
Curative Effect  of Liquid A.
No  of  Dura-  Change  Mo.che
aial.  life.eight  tio  of  inbody  Macroscopic changes.  Microscopic  changes. t  bacilli. life.m weight.
Control.
gm.  2zks.  gm.
245  11  -50  Infection  site:  ulcera-  Lungs:  p.  t.  + + 
+  tion.  Liver:  ""  +++
Lymph  glands:  swell-  Spleen:  ""  +++
ing, cheesy  degener-
ation.
Lungs:  cheesy  pneu-
monia.
Liver:  m.  t.
Spleen:  "
Hypodermic  injection  of 0.5  cc.  of Liquid  A every  other  day.
2  275  12  +27  Infection  site:  cicatri-  Lungs:  s.  t.
zation.  Liver:  ""
Lymph  glands:  swell-  Spleen:"  "
ing size of pea.
Lungs, liver, and spleen:
1  or  2  nodules  in
each.
3  270  12  +180  Same as  No.  2.  Lungs:  s.  t.
Liver:  "  "
Spleen:"  "  +
4  250  12  +200  Infection  site:  ulcera-  Lungs: p.  t.  +
tion.  Liver:  "  "
Lymph  glands:  swell-  Spleen: "  "  +
ing,  central  cheesy
degeneration.
Lungs, liver, and spleen:
1  or  2  nodules  in
each.
*0,  killed;  +,  died; +++,  very many bacilli;  ++,  many  bacilli;  +,  more
than  10  in the  whole  surface  of  the preparation;  -,  negative  on microscopical
examination.
t  p.  t., progressive  tuberculosis;  m.  t., miliary  tuberculosis;  s. t.,  suspended
tuberculosis;  c.  t..  cured tuberculosis.
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TABLE  II.
Experiments with  Liquid A.
No. of  Duration  of  in  body  Macroscopic  changes.  Microscopic  changes  bacilli.
animal.  lie.  weight.  bacilli.
Control.
gm.  wks.  gm.
5  550  12  -150  Infection site: ulcer-  Lungs: p.  t.  +++
+  ation,  pustula-  Liver:  "  "  + +  +
tion.  Spleen:  ""  +++
Lungs:  cheesy  de-
generation.
Liver: m.  t.
Spleen:  general
cheesy  degener-
ation.
Hypodermic  injection  of 0.5  cc.  of Liquid  A  every other  day.
6  450  21  +150  Infection site: ulcer-  Lungs:  s.  t.  +
+  ation.  Liver:  "" 
Lymphatic glands:  Spleen: "  "  +
swelling  size of
pea.
Lungs:  brown  pig-
ment infiltrated.
Liver:  or  2  nod-
ules.
Spleen: few nodules.
7  450  43  +305  Infection site:  Lungs: s.  t.  +
e  cured,  cicatriza-  Liver:  "  "
tion.  Spleen: "  "  +
Lymphatic  glands:
large  as  tip  of
small finger,  cen-
tral  cheesy  de-
generation.
Lungs: no  change.
Liver: indurated.
Spleen: no change.
8  350  22  +150  Same as No. 7,  but  Lungs: s.  t.  +
+  no swelling in the  Liver:  ""  +
(External  lymphatic glands.  Spleen:  "  "  +
wounds.)CHEMOTHERAPY  OF  TUBERCULOSIS
TABLE  II-Concluded.
No  of  Duration of  Change  No.  of
animal.  Weig  life  in body  Macroscopic  changes.  Microscopic changes.  bacilli.
weight.
gm.  wks.  gin.
9  450  26  + 100  Same as No. 8.  Lungs:  s.  t.  +
+  Liver:  "  "  +
Spleen: "  "  +
10  500  39  +250  Same as No. 8.  Lungs:  s. t.  +
+  Liver:  "  "  +
(Intestinal  Spleen:  "  "  +
catarrh.)
11  450  43  -120  Infection site:  Lungs:  p.  t.  ++
(D  cured,  cicatriza-  Liver:  s.  t.  + +
tion.  Spleen: "  "  + +
Lymphatic  glands:
no swelling.
Lungs: m.  t.
Liver and spleen: no
change.
12  500  26  +200  Infection  site:  Lungs:  s.  t.  +
+  cured,  cicatriza-  Liver:  "  "  +
(External  tion.  Spleen:  "  "  - +
wound.)  Lymphatic  glands:
no swelling.
Lungs,  liver,  and
spleen:  1  or  2
nodules.
13  450  36  -+  Infection  site:  Lungs:  s.  t.  +
+  cured,  cicatriza-  Liver:  "  "  +
tion.  Spleen:"  "  +
Ascites: about 50 cc.
Lungs: no change.
Liver: indurated.
Spleen: normal size,
m.  t.
I  I  'I  '_
the  bacilli  only.  In other words, the  pathological  changes  were  arrested.  These
results agree  with  those of the  original  experiment in which  a marked  improve-
ment  in  the  course  of  the  tuberculosis  was  noted.
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Experimental Ophthalmic  Tuberculosis  in the Rabbit.
For  the  purpose  of  determining  the  influence  of  Liquid  A upon
tubercular  lesions,  experiments  with  guinea  pigs  are inconvenient,
for the animals must either be allowed  to  die or they must be killed
before  any  changes  can  be  detected.  Hence I injected  the human
type  of  tubercle  bacilli  into the  aqueous  chamber  of  the  eye  of  the
rabbit, in which  situation  the changes  could be observed  freely.
TABLE  III.
Experimental Ophthalmic Tuberculosis in Rabbits Treated with Liquid A.
animal  . of  lDuration  of  boy  |  Macroscopic changes.  Microscopic  changes.  ba cili. life.  weight.
Control.
gm.  wks.  gn.
1  2,550  9  -200  General ophthalmic  Eyeball:  p.  t.  +
(D  tuberculosis.  Lungs:  "  "  ± +.
Lungs:  metastatic
m.  t.
Injection  of 5  cc. of Liquid A every other day.
2  2,100  5  +150  Right  iris: 4  nod-  Eyeball:  s.  t.  ++
+  ules.  Lungs: normal.
(Abortion.)  Lungs: no  nodules.
3  2,100  7  +250  Same as No. 2.  Eyeball: s.  t.  ++
+  Lungs:  pneumonia  -
(Ileus.)  by foreign  body.
4  1,700  9  +200  Same as No. 2.  Eyeball:  s.  t.  ++
Lungs:  ""  +
Control.
5  1,000  56  +1,600  General  ophthal-  Eyeball:  p.  t.  +++
(a  mic  tuberculosis.  Lungs:  "  "  +++
Lungs: m. t.
Injection  of  7 cc.  every  other  day,  first  2  times;  2.0  cc.  every  other day  since  then.
6  2,000  56  +1,250  Iris: cured, cicatri-  Eyeball:  c.  t.  -
zation.  Lungs:
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Table III  indicates that  Control Animal  1 developed  first  tubercular  nodules
on the surface  of the iris.  These  gradually increased in number  and volume and
contained  a large  number  of  bacilli,  and  finally  underwent  cheesy  degeneration
leading  to  severe  miliary  tuberculosis.  On  the  other  hand,  Treated  Animal  2
presented five nodules at the edge of the pupil, which,  however,  soon disappeared.
The  four nodules  appearing  on the  surface  of the  iris  remained  stationary  and
were confirmed by autopsy.  Treated Animal 3 developed an irregular pear-shaped
pupil in consequence  of an adhesion of the iris and cicatrization.  The tubercular
nodules  were  surrounded  by newly  formed  connective  tissue,  and  a  calcareous
deposit took place  within  the cavity  that had been  formed  by the cheesy  degen-
eration; a few bacilli only were present.  The lungs contained  one or two nodules
in which  tubercle bacilli were  not found.  Treated  Animal 4 presented  about the
same number and size of nodules present  before the injection of the liquid.  They
contained  small  numbers  of  bacilli.
In  the  control  animal  the  infection  was  progressive,  and  in the
treated animals it was  suspended.  It  therefore  occurred  to me  that
if  the treatment  should  be  continued  long enough  the disease  might
be completely healed.  With this idea in mind I made another experi-
ment  with  two  guinea  pigs.  One  of  them,  No.  5,  was  kept  as  a
control.  This animal developed general ophthalmic  tuberculosis  and
miliary  tuberculosis  of  the  lung.  The other,  No.  6,  which  received
continuous  treatment with the liquid was  completely  cured,  the only
residue being a cicatrization at the point of inoculation.  No nodules
developed after  a period  of 6  months,  and none  during  a  succeeding
period of 6 months.
Liquid  A  produced  a  congestion  around  the ophthalmic  lesions
which  sometimes  amounted  to  hemorrhage  within  the  lesions,  while
the nodules  became  stained  with  the  coagulated  blood.  Moreover,
the  internal  pressure  of  the  eye  increased  and  the  eyeball  seemed
to  be  pushed  outwards.  These  phenomena  disappeared  with  the
discontinuance  of  the  injection  of  the  preparation  and  reappeared
upon its renewal.  On the contrary,  the healthy eye seemed to be un-
affected by the injection.  Hence I infer that the effects are evidence
of the  influence  of  Liquid  A  upon  the tubercular  lesion.  Whether
the  congestion  and  the  bleeding  are  due  to  the action  of  the freed
toxin or endotoxin of the tubercle bacilli, or whether they result from
some  irritant  property  of  the  liquid  itself  reacting  on  the  toxin  of
the tubercle  bacilli,  has  not yet been  determined.  It is  clear,  how-
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ever,  that the cyanide  radical has a special  chemical  affinity for  the
toxin;  for,  as pointed  out  previously,  the  cutaneous  excretion  of  a
tubercular  patient,  as  well  as  tuberculin,  has  an  inhibiting  action
upon the  chemical  composition of Berlin blue.  This fact, discovered
by Fischer,  is called  the color  reaction of the cutaneous  excretion  of
tubercular patients.  From this I conceive that congestion and bleed-
ing of the tubercular lesions may be due to some such interaction,  and
the theory is supported by the fact that in a dilution of 1: 1,000,000
to  1: 2,000,000 potassium auricyanide will kill tubercle bacilli in vitro.
Koch has stated that no other  chemical substances produce a similar
result.
First Comparative Treatment with Various Preparations.
The literature  gives  little information  regarding  the chemotherapy
of tuberculosis.  Schr6der,  Haupt, and others  investigated the influ-
ence  of  tuberculin  upon  experimental  ophthalmic  tuberculosis,  but
report  only  negative  results.  Schr6der  referred  to  the  fact  that
similar  negative  results  have  been  observed  by  Alexander,  Baum-
garten, and their followers.  In my experiments  the disease  seems to
have  been suspended  in Treated  Animals  2,  3,  and  4,  while  in  No.
6 it was completely arrested, leaving only the cicatrization after which
there  was  no recurrence.  These  facts  indicate  that Liquid A may
have a  decided  value in  the treatment  of  tuberculosis.
I made  a comparative  study of the  following  three curative mate-
rials for tuberculosis,  which  are at present thought to be most prom-
ising.  I  employed  two  of  my  original  preparations;  that is, Liquid
A  and  Liquid  B.  The  latter  contains  one-half  as much  potassium
cyanide  as  the former.  The  remaining  three  preparations  are:  (1)
copper  chloride, which has been suggested by Fischer, experimentally
studied  by  von  Linden,  and  clinically  applied  upon  tubercular
patients, especially  in lupus,  by  Meissen  and  Strauss;  (2)  albumin-
free  tuberculin;  (3)  iodotuberculin.  Unfortunately  I could  not ob-
tain the iodotuberculin  as  offered  by  Kapsenberg,  Sternberg,  Bauer,
and Murschhauser,  and I therefore prepared  a substitute by allowing
20  per  cent  of  iodine  to  act  upon  old  tuberculin  (Merck).  The
preparation  did  not react  to  starch.
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TABLE IV.
First Comparative Treatment of Tuberculosis with Various  Preparations.
No. of  Dation  Changeh  No  of
animal.  g  . Dratfio,  body  Macrooc changes.  Microscopic  changes.  bacili.f animal.  of  e.  weight.
Controls.
gm.  wks.  gm.
14  605  8  -125  Infection site: ulcer-  Lungs:  p.  t.  ++ +
+  ation.  Liver:  "  "  ++ 
Lymphatic  glands:  Spleen:  "  "  +++
swelling  size  of
pea.
Ascites: about 5 cc.
Lungs:  m. t.
Liver  and  spleen:
general cheesy de-
generation.
15  773  9  -173  Infection  site: pus-  Lungs:  p.  t.  +++
+  tulation.  Liver:  ""  +  + +
Lymphatic  glands:  Spleen:  "  "  +++
swelling  and
cheesy  degener-
ation.
Lungs:  cheesy
pneumonia.
Liver  and  spleen:
m. t.
16  552  8  -25  Infection site:ulcer-  Lungs:  p.  t.  +++
+  ation.  Liver:  ""  +++
(External  Lymphatic  glands:
wounds.)  swelling  large  as
tip  of  small  fin-
ger.
Lungs and liver: m.
t.
(Spleen  was  eaten
by rats.)
17  580  9  -38  Same as No.  15.  Lungs:  p.  t.  l++
+  Liver:  ""  ++
Spleen:  "  +++GENSABURO  KOGA 117
TABLE  IV-Conlinued.
N~f  Weight.  Duration  Changein  No. of No.of  Weight  laio  body  Macroscopic  changes.  Microscopic changes.  bacilli.
weight.
gm.  wks.  gm.
18  577  11  -119  Infection  site:cured,  Lungs:  p.  t.  + .
+  cicatrization.  Liver:  ""  +  ++
Lymphatic  glands:  Spleen:  "  "  +  +
swelling  size  of
pea.
Lungs:  cheesy
pneumonia.
Liver  and  spleen:
general cheesy de-
generation.
19  400  9  -92  Infection site: ulcer-  Lungs:  p.  t.  .++
+  ation.  Liver:  ""  +
Lymph  glands:  Spleen:  "  "  ±++
swelling  and
cheesy  degener-
ation.
Rightpleuralcavity
contained  about
5 cc. of serous ex-
cretion.
Lungs,  liver,  and
spleen:  same  as
No.  18.
20  720  6  -94  Same as No.  14.  Lungs:  p.  t.  +++
+  (Ascites  about  25  Liver:  "  "  +++
cc.)  Spleen:  . "  +++
21  660  6  -45  Same as No. 15.  Lungs:  p.  t.  ++  +
+  Liver:  ""  +++
Spleen: "  "  +++
22  480  11  -93  Same as No. 14.  Lungs: p.  t.  +++
+  Liver:  ""  +++
Spleen: "  +++
23  570  10  - +  Same as No. 14.  Lungs: p. t.  ++  +
+  Liver:  ""  ++
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TABLE  Iv-Continued.
Copper Chloride.
No  of  Duration  Change  in  No.  of aNo. of  Dof  life  body  Macroscopic  changes.  Microscopic  changes.  bacilli.
animal.  Weght.  of lfe.  weight.
The same  as  von Linden's  6th experiment.
ginm.  wks.  gm.
28  575  17  +81  Infection site:  Lungs:  p.  t.  +++
e  drainage.  Liver:  ""  + ++
Lymph  glands:  Spleen:  "  "  +++
swelling  size  of
pea.
Lungs: several nod-
ules  big  as  rice
grains.
Liver:  m. t.
Spleen:  ""
29  465  13  -52  Not clear.  Not clear.  Not clear.
+
The same as von Linden's 4th experiment.
30  625  4  -90  Infection site: ulcer-  Lungs: p.  t.  .+ 
+  (Mortifi-  ation.  Liver:  " "+q+
cation  Lymph  glands:  Spleen:  ""  + ++
of site.)  swelling,  with
central  large
cheesy  degener-
ation.
The same as von Linden's 5th experiment.
31  500  12  -18  Infection site:cured,  Lungs:  s.  t.  ++
+  cicatrization.  Liver:  "  "
Lymph  glands:  no  Spleen:  "  "  +
swelling.
Lungs: m.  t.
Liver  and  spleen:
both  slightly
swollen.
32  515  8  -4  Same as No. 31.  Lungs: s.  t.  +
+  Liver:  p. t.  + +
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TABLE  IV-Continued.
Albumin-Free Tuberculin.
aniomaf  Weight.  Duration  body  Macroscopic changes.  Microscopic changes.  baclli
animal.  W  of life  . weight.  bali.
Doses the  same  as  those  used  by  Schroder.
gm.  wks.  gm.
33  640  11  -108  Infection site: ulcer-  Lungs:  p.  t.  +++
+  ation;  flowing  Liver:  "  ++
pustulation.  Spleen:  "  +++
Lymph  glands:
swelling  size  of
pea.
Lungs:  cheesy
pneumonia.
Liver  and  spleen:
cheesy degenera-
tion.
34  535  4  -55  Same  as  No.  33,  Lungs:  p. t.  ++
+  with  about  25  Liver:  "" "+ 
(Anaphy-  cc. ascites.  Spleen: "  "  ++±
laxis.)
35  560  6  -22  Same as No. 34.  Lungs:  p. t.  +++
+  Liver:  ""  + ++
Spleen: "  "  +++
36  335  7  +113  Infectionsite:cured, Lungs:  s.  t.  +
+  cicatrization.  Liver:  "  "  +
(Hemor-  Lymph glands: cen-  Spleen:  ""  +
rhage  tral  cheesy  de-
into  generation size of
abdom-  pea.
inal  Lungs:  1 or  2  nod-
cavity.)  ules.
Liver: no change.
Spleen: m. t.
37  360  10  +67  Infectionsite: ulcer-  Lungs:  p.  t.  +++
+  ation.  Liver:  s.  t.  ++
Lymph  glands:  Spleen: p. t.  +++
swelling  size  of
pea.
Lungs:  cheesy
pneumonia.
Liver: no  change.
Spleen:  cheesy  de-
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TABLE  IV-Continued.
Iodotuberculin.
No  ofl  Weight.  Duration  Cha|  body i  Macroscopic  changes.  Microscopic changes.  No. of
animal.  of life  weight.  bacilli.
Doses  the same  as  those  used  by Schr5der.
gm.  wks.  gn.
38  540  11  -93  Infection site: ulcer-  Lungs:  p.  t.  +
+  ation;  small  in-  Liver:  s.  t.  +
(Intes-  testine  cohered  Spleen:  p.  t.  ++
tinal  to  abdominal
stran-  walls.
gula-  Lungs:  cheesy
tion.)  pneumonia.
Liver  and  spleen:
no  nodules.
39  680  7  -66  Infectionsite:cured, Lungs: p.  t.  ++
+  cicatrization.  Liver:  "  "  + + +
Lungs:  cheesy  Spleen: ""  + 
pneumonia.
Liver:  m.  t.
Spleen: ""
40  480  8  -83  Not clear.  Lungs: not clear.  -- +++
+  Liver:  "  "  +  ++
Spleen:  "  "  +  + +
41  560  17  +204  No marked changes.  Lungs:  s.  t.  +
@  Liver:  ""  +
Spleen:  "  +
42  565  17  +107  Infection site:  pus-  Lungs:  s.  t.  +
9  tulation.  Liver:  ""  +
Lymph  glands:  Spleen: ""  +
swelling  size  of
pea.
Lungs: 1 or  2  nod-
ules.
Liver: no nodules.
Spleen: 1 or 2 nod-
ules.TABLE  IV-Continued.
Liquid A.
No.  Duration  Change  in  No. of Weight.  tion  body  Macroscopic changes.  Microscopic changes.  bacilli.
Injection  of  1  cc.  of  Liquid  A  every  other  day.
gn.
+72
-82
- 123
+78
Infection site:  cured,
cicatrization.
Lymph  glands:
swelling  size  of
pea,  central
cheesy  degener-
ation.
Lungs, liver, and
spleen: no
marked changes.
Infection site:  cured,
cicatrization.
Lymph  glands:
swelling  size  of
pea.
Ascites: about 5 cc.
Lungs: m. t.
Liver and spleen: 1
or 2 nodules.
Infection  site:  cic-
atrization,  sur-
roundings  being
infiltrated.
Lymph  glands:
swelling  size  of
pea.
Lungs: a  few  nod-
ules.
Liver and spleen: no
marked  changes.
Infection site: cured,
cicatrization.
Lymph  glands:
swelling  size  of
rice grains.
Lungs: a  few  nod-
ules.
Liver and  spleen: no
marked changes.
Lungs:  s.  t.
Liver:  "  "
Spleen: 
" "
Lungs  p.  t.
Liver:  s.  t.
Spleen: "  "
Lungs:  s.  t.
Liver:  "  "
Spleen: "  "
Lungs:  p. t.
Liver:  s.  t.
Spleen: p. t.
+
+
+
++
+
+
+
+
+
++
+
++
121
43
44
45
46
gm.
460
565
577
538
wks.
11
+
(External
wound.)
7
±
7
--
(Bitten
by  a
dog.)
12
+
-- -- ----TABLE  IV-Continued.
N  j. Wegh.Duration  Changein  No. of nim.  Weight.  of  e.  body  Macroscopic  changes.  Microscopic  changes.  bacilli.
gm.  wks.  gm.
47  460  7  -45  Infection site: ulcer-  Lungs:  p.  t.  + +
+  ation.  Liver:  s.  t.  +
(Pneu-  Lymph  glands:  Spleen:  p.  t.  +
monia.)  swelling  size  of
rice  grains.
Lungs: a  few  nod-
ules.
Liver and spleen: no
marked changes.
48  540  12  +92  Infectionsite:cured,  Lungs:  s. t.  +
+  cicatrization.  Liver:  ""  +
(Ascites.)  Lymph  glands:  Spleen:  "  "  +
swelling  size  of
rice  grains.
Ascites:  about  20
cc.
Lungs: pigment in-
filtration.
Liver and spleen: no
marked changes.
49  460  12  +68  Infectionsite: cured  Lungs:  s. t.  +
+  by cicatrization.  Liver:  "  "  +
Lymph  glands:  Spleen:  "  "  +
swelling  size  of
pea.
Lungs: a  few  nod-
ules.
Liver and spleen: no
marked changes.
50  650  9  -62  Infection site: ulcer-  Lungs:  p.  t.  +++
+  ation.  Liver:  ""  +++
(Pleuri-  Lungs:  cheesy  Spleen: "  "  +++
sy.)  pneumonia.
Liver:  m.  t.
Spleen:  ""
51  460  13  +50  Nomarkedchanges  Lungs:  s.  t.  +
+  except  about  10  Liver:  "  "  +
(External  cc.  of pleural  ex-  Spleen:  "  "  +
wound.)  cretion.
52  430  17  +176  No marked changes.  Same as No. 51.  +
+
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TABLE  IV-Concluded.
Liquid B.
No. of  Duration  Change  in
anal.  Weight.  of  rlifeon  body  Macroscopic changes.  Microscopic changes.  No. of animal.  I  of life.  I  weight.  bacilli.
Hypodermic  injection  of  2  cc.  of  Liquid  B  every other  day.
gmn.  wks.  gmn.
53  490  9  +27  Infection site: cured,  Lungs:  p.  t.  ++
+  cicatrization.  Liver:  "  "  ++
Lymph  glands:  Spleen: "  "  ++
swelling  size  of
rice  grains.
Lungs: m. t.
Liver and spleen: no
marked changes.
54  680  13  +35  Same as No. 53.  Lungs:  p. t.  ++
+  Liver:  ""  ++
(Pneu-  Spleen:"  "  +  +
monia.)
55  618  13  +117  Infectionsite:cured, Lungs:  s. t.  +
+  cicatrization.  Liver:  "  "  +
Lungs,  liver,  and  Spleen:  "  "  +
spleen:  a  few
nodules.
56  640  12  - +  Same as No.  55.  Lungs:  s.  t.  +
+  Liver:  " "  +
Spleen:  " "  +
57  498  16  +77  Same as No. 53  Lungs:  p. t.  ++
+  Liver:  " "  + 
(Pneu-  Spleen: ""  ++
monia.)
Controls.
From Table  IV  it will  be  seen  that Control  Animals  14  and  16,
15,  17,  and 19,  20  and 21,  18  and 22,  and  23  died of  general miliary
tuberculosis  in the 8th,  9th,  6th,  11th,  and 10th weeks  after inocula-
tion,  respectively.  Microscopical  examination  showed  progressive
tuberculosis  and many bacilli in all.CHEMOTHERAPY OF TUBERCULOSIS
The  time  in which  death  occurs in experimental  tuberculosis,  as reported  by
various authors,  differs  according  to the  site  of  injection,  the  number  of bacilli,
and the toxicity of different strains of bacilli.  Spengler reports death in  11  weeks;
Schr6der in from  18 to 75  days;  von  Linden  in from 8 to  11  weeks;  and  Haupt
in from 7 to 3 months and from 5 to 7 months, respectively.  Haupt injected from
1: 10,000  to  1: 100,000  mg. of bacilli into the femoral muscle.  The strain which
I used seems  to have been of medium grade of toxicity.  Of the five animals treated
with  copper  chloride,  No.  28 gained  in body  weight  and  showed  no  objective
changes  in  appearance  until the  end of  the  17th  week,  when  it  was  killed  for
examination.  The  macroscopic  changes  were  conspicuous  and  the  microscopic
ones  were  progressive,  and  associated with the presence of many bacilli.  No. 29
was  missing.  No.  30  was dead in 4  weeks;  it  presented  extensive  necrosis  at
the site  of injection of the  bacilli,  and  contained  a great many bacilli.  Nos.  31
and  32  died  at  the  end  of  12  and  8  weeks,  respectively,  and  showed  only
slight macroscopic  changes and  small numbers of  bacilli.  Microscopic  examina-
tion of both  showed  them to be  in the  suspended  stage.  Thus  my tests  agree
with  those  of  von  Linden  in  bringing  about  improvement  in  experimental
tuberculosis  by  the  use  of copper  chloride.
Albumin-Free Tuberculin.
The  albumin-free  tuberculin  was  applied from  the 4th week  of inoculation  in
five  animals.  No.  34  died of anaphylactic  shock.  No.  37  died in  10  weeks  of
miliary  tuberculosis,  and  microscopical  examination  showed  it  to  be  in  the
progressive  stage.  No.  33 died in  11  weeks, and microscopic examination  showed
numerous  bacilli and  progressive  tuberculosis.  No. 35  died in  6  weeks,  and  in
appearance  resembled  No.  34.  No. 36  gained in body  weight  and showed  only
slight  macroscopic  changes  and  a  small  number  of  bacilli.  Microscopic  exam-
ination  indicated  that  the  animal was  in the  suspended  stage  at the  time  that
death occurred,  in  the  7th  week, from hemorrhage  into  the  abdominal  cavity.
Thus the  results coincide  with the view  of Koch, Virchow,  and Ziegler,  who  held
that  tuberculin and its derivatives tend to increase the resistance of the individual
against tuberculosis and thus to improve the general condition,  although without
action  directly  on the  bacilli.
Iodotuberculin.
Iodotuberculin  was  given  hypodermically  from  the  4th  week  of  infection.
Animal 38 died  of  intestinal strangulation  in consequence  of cicatrization  which
occurred after the intestinal lesion had been cured.  Small  numbers of the bacilli
were found in the lesion.  The liver  seemed to be in the suspended stage, but the
lungs and the spleen appeared to be uninfluenced.  No. 39 died in the 7th week.
It  had lost body weight,  and on microscopic  examination was found to be in the
progressive  stage  with  a  great  many  bacilli.  No.  40  had  been  kept  for  8
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weeks  when  it was  lost.  No.  41  gained  in  body  weight  and  was  killed  for
examination in the 17th week.  It presented  no conspicuous macroscopic changes,
and microscopic  examination showed it  to be in the suspended  stage,  with a few
bacilli only.  No. 42 gained gradually in body weight.  It was killed in the 17th
week  and  showed  slight  macroscopic  changes  with  few  bacilli,  and  under  the
microscope proved to be in the suspended stage.  Thus the iodotuberculin which
I prepared yielded good results,  although  it  may  not  have  been  identical  with
that prepared  by  Kapsenberg,  Sternberg,  Bauer,  and  Murschhauser.
Liquid  A.
Liquid  Awas given  from  the  4th  week  after  inoculation.  Animal  43  gained
in weight  until it died  from  an external  wound in  the  11th  week.  It showed
slight  macroscopic  changes  with  few  bacilli,  and  microscopically  was  found  to
be in the suspended  stage.  No.  44 died  in 7 weeks.  It had progressive  lesions
in  the lungs,  but suspended  ones in the  liver and spleen  with few  bacilli.  No.
45  was killed accidentally in the 7th week.  It was  in the  suspended  stage  with
few  bacilli and  showed  slight macroscopic  changes.  Nos.  46 and  47 died  in the
12th and 7th weeks,  respectively.  In both the liver  was in the suspended stage
with few bacilli, and the lungs and spleen were in the progressive stage with many
bacilli.  Nos. 48 and  49 both died in 12  weeks.  They had both gained in body
weight,  had  slight  macroscopic  changes,  and  microscopically  were found  to  be
in the  suspended stage  with few  bacilli.  No.  50  died of pleurisy in 9 weeks.  It
showed conspicuous  macroscopic  changes  with many bacilli  and was in the  pro-
gressive  stage.  No.  51  died  from  an external  wound.  No.  52  gained  in body
weight  and  appeared  healthy  until it was  killed  for  examination  in  17  weeks.
Macroscopically  it was  found to have slight  changes, and microscopically  was in
the suspended stage.
Liquid B.
Liquid  B  was given to five  animals.  Nos.  53, 54, and 57 died in 9, 13,  and  16
weeks,  respectively.  They  showed  conspicuous  macroscopic  changes,  and  were
in the progressive  stage  with many  bacilli.  Nos.  55  and  56  died  in  13  and  12
weeks,  respectively.  They  both  showed  slight  macroscopic  changes  and  were
in the suspended stage with few bacilli.
The  results of  the comparative  study  of  the various preparations
show  that copper  chloride and  albumin-free  tuberculin  each brought
about  complete  suspension  in  1, and  half  suspension  in  1 of  the  5
experimental  animals;  iodotuberculin  brought  about full  suspension
in 2, and half suspension in 1 of the  5 animals; while Liquid A brought
about complete  suspension  in 6,  and  half suspension  in  3  of  10  ani-
mals, and Liquid B  full suspension  in  2 of  the  5.  Therefore,  judged
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according  to  efficiency,  these  preparations  stand  in  the  following
order: copper chloride  and albumin-free  tuberculin are least efficient;
Liquid  B and  iodotuberculin are more efficient;  Liquid  A is the most
efficient.  Yet  Liquid  A  did  not  completely  heal  the  tubercular
lesions.
Second  Comparative Treatment with  Various Preparations.
Proceeding  from  the  fact  that Liquid  A was  more  efficient  than
Liquid  B,  I prepared  another  solution  which contained  more potas-
sium cyanide  than the previous preparation, in the hope of obtaining
a  more  efficient  substance.  The  1:1,000  aqueous  solution  of  this
substance was called Liquid C.  Again, I prepared a double salt of cop-
per and  potassium  cyanide.  The  aqueous  solution  diluted  1:2,000
was  prepared  and  treated  in  the  same  manner  as  Liquid  A, and
called  Liquid  D.  The  lethal  dose  of  this  Liquid  D  is  0.001  gm.
per  100  gm.  of  body weight for  the guinea  pig,  and  for  the mouse
1: 200,000,  or more  accurately  1:10,000 of the body weight.  Hence
an aqueous  solution (1:2,000)  of  the  original  solution was  prepared,
and  1 cc. per kilo of  body weight  was injected  hypodermically  into
guinea pigs  in which  experimental  tuberculosis  had  been  induced.
Some  of  the  treated  animals  died  sooner  than  the  controls  and
presented  severer  lesions  both  macroscopically  and microscopically;
in others the reverse was the case.  The comparative  study of Liquids
C  and  D is  shown  in Table  V.
Controls.
Control Animals 58,  59, and 60 gradually lost weight  and died in 5 to 8 weeks.
They showed marked macroscopic  changes,  and under the microscope  were found
to be in the progressive  stage with large numbers of bacilli;  Nos. 74 and 75 lived
until  they  were  killed  for  examination  in  the  22nd  week.  They  showed  no
marked  macroscopic  changes.  Under  the  microscope  in  No.  74  the  lung  was
found to be in the progressive  stage;  the liver  and spleen  were in the  suspended
stage with  only a few tubercle  bacilli.  No.  75 was also  in the progressive stage,
and showed  a few or moderate number  of bacilli.
The  difference  in  the  results  may be  due  to  the  fact  that when
dilutions  of 1: 10,000 or 1: 100,000 mg. of tubercle bacilli were given
under the skin  of the right femoral  muscle of guinea pigs,  as Haupt
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TABLE  V.
Second  Comparative Treatment of Tuberculosis with Various Preparations.
No. of  Weight  Duration  Change in  Microscopic  No. of
animal.  eig  of life.  body weight.  Macroscopic changes.  Microscopic.  bacilli.
Controls.
ginm.  wks.  gm.
58  647  6  -90  Infection site: infil-  Lungs:  p.  t.  ++
+  tration.  Liver:  "  "  +  ++
Lymph  glands:  Spleen:  "  "  +++
swelling  size  of
pea.
Ascites: about 20cc.
Lungs: cheesy
pneumonia.
Liver and spleen: no
marked  changes.
59  587  8  -97  Infection  site: pus-  Lungs:  p.  t.  +++
+  tulation.  Liver:  ""  + +  +
Lymph  glands:  Spleen:  "  +++
swelling  size  of
pea;  thickening,
cheesy degenera-
tion.
Lungs:  cheesy
pneumonia.
Liver,  spleen:
cheesy degenera-
tion.
60  450  5  --14  Same as No. 59.  Lungs:  p. t.  +++
+  Liver:  "  +++
Spleen:  "  "  +++
74  667  22  Not  clear  Infectionsite:drain-  Lungs:  p.  t.  +
a  )  because  of  ed pustulation.  Liver:  s.t.  +
pregnancy.  Lymph  glands:  Spleen: "  "  +
swelling  size  of
rice  grains.
Lungs: pigment in-
filtration;  a  few
nodules.
Liver, spleen: m. t.
75  705  22  Same as No.  Same as No. 74.  Lungs:  p.  t.  ++
74.  Liver:  "  "  ++
Spleen:  "  "  +TABLE  V-Continued.
Liquid C.
No  of  eht  Duration  Change  in  Macroscopic  changes.
animal.  Weigh!  of life,  body weight.  Macroscopic  changes.  Microscopic  |No  of
"~~~  ~p·  /  3~  1  · ·- canges  I  bac  Ill
'.
Hypodermic  injection  of  1  cc.  of Liquid  C every  3  weeks.
gm.  wks.  gm.
61  630  22  +70  Infectionsite:cured, Lungs:  s.  t.  +
@e  cicatrization.  Liver:  "  "  +
Lymph  glands:  Spleen:  "  "
swelling  size  of
rice  grains.
Lungs:  a  few  nod-
ules.
Liver and spleen: no
marked changes.
62  690  22  +110  Same  as  No.  61  Lungs:  s.  t.  +
E  except a few nod-  Liver:  "  "  +
ules  in liver  and  Spleen:"  "
spleen.
63  620  22  +90  Same as No. 62.  Lungs:  s.  t.  +
+  Liver:  "  "  +
Spleen:"  "
76  622  22  Not clear be-  Same as No. 62.  Lungs:  s.  t.  +
cause  of  Liver:  "  "  +
pregnancy.  Spleen:"  "
77  755  13  Same as No.  Same as No. 62.  Lungs:  s.  t.  +
+  76.  Liver:  ""  +
Spleen:  "  "
Liquid D.
Hypodermic  injection  of 1.5  cc.  of Liquid D every  5  weeks.
64  709  21  +61  Infectionsite:cured, Lungs:  p.  t.  ++
+  cicatrization.  Liver:  ""  + +
Ascites:  about  20  Spleen: "  +" 
cc.
Lungs: pigment  in-
filtration,  and  1
or 2 nodules.
Liver:  m.  t.
Spleen: ""
65  625  22  +110  Same as No. 64.  Lungs:  p. t.  +++
+  Liver:  ""  +
Spleen: "  "  ++
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TABLE  V-Continued.
N o .of  Weight.  Duration  Change in
aal.  nof  life.  II  ges.  bacilli
animal.  | Whl  Duratin  bod  Chanwgein  |  Microscopic  No. of
Hypodermic injection of  1 cc. of Liquid D every 5 weeks.
gm.  wkJ.  gm.
66  612  22  +216  No marked changes.  Lungs:  c.  t.
X3  Liver:  "
Spleen: "  "
67  597  29  +173  No markedchanges.  Lungs:  c.  t.  +
+  Liver:  ""  +
(Intesti-  Spleen:"  "
nal  ca-
tarrh.)
68  467  5  +-  Infection  site: ulcer-  Lungs:  s.  t.
+  ation.  Liver:  " "  +
(Intesti-  Lungs:  1  or  2  pig-  Spleen:  "  ,"  ++
nal ca-  ment infiltrations.
tarrh.)  Liver and spleen: 1
or 2 nodules.
78  727  22  Not clear  Same as No. 68.  Lungs:  s.  t.  +
G  because  of  Liver:  "  "  +
pregnancy.  Spleen: "  "
79  520  15  Same as No.  Nomarkedchanges.  Lungs:  c.  t.  +
+  78.  Liver:  ""  +
Spleen:  " "
80  595  15  Same as No.  Same as No. 68.  Lungs:  s.  t.  +
+  78.  Liver:  "  +
(Inflam-  Spleen:"  "
nation
of  sub-
cutan-
eous
fat
tissue.)
81  410  22  Same as No.  No  marked changes.  Lungs:  c.  t.  +
E  78.  Liver:  "  "
Spleen: "  "CHEMOTHERAPY  OF  TUBERCULOSIS
TABLE  V-Concluded.
No..  Weight.  Duration  Change in  Macroscopic  changes.  Microscopic  No. of
animal.  of life.  body weight.  Macroscopic  changes.  bacilli.
Hypodermic  injection  of 0.5  cc. of Liquid  D every 3  weeks.
gm.  wks.  gm.
69  510  19  +175  Infectionsite:cured, Lungs:  s.  t.  +
+  cicatrization.  Liver:  "  "
Lymph  glands: big  Spleen: "  "
as  tip  of  small
finger.
Lungs:  1 or  2 nod-
ules.
Liver: no  nodules.
Spleen: 1 or 2  nod-
ules.
70  532  18  +54  Nomarkedchanges.  Lungs:  s.  t.  +
+  Liver:  "  "  +
(Inflam-  Spleen:  "  "  +
mation
of  the
subcu-
taneous
fat tis-
sue.)
71  490  20  +100  Nomarkedchanges.  Lungs:  s.  t.  +
+  Liver:  "  "  +
Spleen:  "  "  +
Hypodermic injection  of 0.25 cc. of Liquid D every 3 weeks.
72  547  13  +178  Nomarkedchanges.  Lungs:  s.  t.  +
+  Liver:  ""  +
(Intesti-  Spleen: "  "  +
nal ca-
tarrh.)
73  416  16  +169  Same as No. 69.  Lungs:  s. t.  +
+  Liver:  "  "
Spleen:  "  "
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also reports, the animals died  in  from  7 to 3  and from 5 to 7 months,
and  therefore  the date  of  the  death  of  the  experimental  animals
varied  according  to  the  site  of  the  infection  and  the number  and
toxicity of the strain of the bacilli in question.  Hypodermic injection
of the bacilli  does not always kill guinea pigs.  Again, the  duration
of life  as  well as  the  microscopic  findings  varies  according  to  the
resistance that each animal displays towards the injection.  Therefore,
any  representative  result  can be  attained  only  by  as many  experi-
ments as will yield a  correct  statistical  approximation.  In  my two
recent  experiments,  unfortunately,  the guinea  pigs died  too soon  of
miliary  tuberculosis  to  agree with the prognosis  in  human  cases.  I
therefore  introduced the  bacilli into the veins of  the treated animals.
The bacillary  strain  was obtained  through the courtesy of Dr. Shiga,
and had been proven to have strong toxicity.  0.05 mg. of  the strain
was  given intravenously.  In my previous  experiment  subcutaneous
injection  of  the bacilli  was  employed.  The  results, therefore,  seem
to be relative and  not decisive.
Liquid C.
Of the five animals that had been  treated  with Liquid C,  Nos.  63  and 77  died
in  22  and  13  weeks,  respectively.  The  remaining  three  animals,  Nos.  61,  62,
and  76, appeared healthy until the 22nd week,  when they were killed for examina-
tion.  They  showed  slight macroscopic  changes  with very few  bacilli, and  under
the  microscope  were  found  to be  in the  suspended  stage.
Liquid D.
Animals  64 and 65  received hypodermic  injections of 1.5  cc. of Liquid D once
every 5 weeks.  The former died  in 21  weeks,  the latter in 22  weeks.  They had
both gained in body  weight, but showed  severe  macroscopic  changes,  and  were
in  the  progressive  stage with  a  great  number  or  moderate  number  of  bacilli.
Both were worse than the controls.
Of the  seven  animals  that have been treated with 1 cc. of Liquid  D,  Animals
67  and 68  died in  29 and 5 weeks of intestinal catarrh,  and Nos.  79 and 80 in 15
weeks of inflammation of the subcutaneous fat tissue.  Nos. 66, 78, and 81  appeared
healthy  until  22  weeks,  when  they  were  killed  for  examination.  Nos.  66,  67,
79,  and  81  showed  no  macroscopic  changes,  while  all  the  others  showed  slight
microscopic  changes.  Nos.  66,  67,  79, and 81  were found  to be cured  of tubercu-
losis; the rest were in the suspended  stage.  No. 66 was free from bacilli, and the
remaining  six animals  were found to have few  or no bacilli  in their  organs.
Three animals  received 0.5 cc. of Liquid  D once  every  3 weeks.  No.  69 died
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in  19 weeks, No. 70 died of inflammation of the subcutaneous fat tissue in 18 weeks,
and No. 71  died in 20 weeks.  They had all increased in body weight and showed
slight macroscopic  changes  and  suspended lesions  with only a  few bacilli.
Nos.  72 and  73 received 0.25 cc. of Liquid D once every  3 weeks.  The former
died of  intestinal  catarrh  in  13  weeks,  and the  latter  died in  16  weeks.  They
had both gained in body weight,  and similar macroscopic  as well  as microscopic
changes  occurred,  as noted in  the preceding  animals  which  had  received  0.5  cc.
of Liquid D once  every 3 weeks.  From these  data it may be concluded  that the
animals which had been treated with 1 cc.  of Liquid D given once every 5 weeks
showed  most  improvement;  Liquid  C is less  effective.  Less  improvement  was
obtained  in  proportion  as  less  of  Liquid D  was  administered.  It  is especially
notable  that-the  changes  in the animals which  received  1.5  cc.  of Liquid D were
more  severe than in  the control animals and  showed  more bacilli than the latter.
To sum up the results obtained  in my preliminary  experiments,  it
may be stated  that subcutaneous  injection  of  1 cc. of Liquid D once
every  5 weeks produced prolongation  of life, increase of body weight,
improvement in the macroscopic changes,  and a cure,  as indicated by
the  microscopic  examination.  Other  preparations  produced  some
improvement  in  the  tubercular  lesions,  but  they  were  efficacious
only in suspending the changes  determined by microscopic  examina-
tion.  The  dose  and  the  best  manner of  administering  the remedy
can only be determined by further  study.
The preliminary  experiments  described  above  were  conducted  in
the Surgical Institute of the Kyoto Imperial University, in the service
of Professor  Ito.  I  desire here  to express my thanks  to him  and  to
Assistant  Professor  Osaki  for  their  kindness  in  affording  me  the
means  and  direction  that  were  necessary  for  carrying  on  my  ex-
periments.
II.
Since  February,  1914,  I have  conducted  experiments  with  Liquid
D in  experimental  tuberculosis  at the  Kitasato  Institute.  I  under-
took  to explain  the  inconstant  effects  observed;  namely,  that while
pathological  processes  are  made  to  subside  in  some,  other  animals
remain  indifferent  to  the  action  of  the preparation.  By the aid  of
the microscope I  observed the fact that copper potassium cyanide con-
sists of three different  forms of crystals,  and  I  have, by employing  a
special method, succeeded in separating the different forms.  I experi-
mented  with each  of  the three  substances  and ascertained  that only
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one of  them is effective  against tuberculosis,  while the remaining two
have an injurious  effect upon the pathological processes.  Since that
time I have employed  only the effective  substance.  I have  tried  to
see what effect this substance will  have on the healthy animal.
First Animal  Experiments.
Two guinea pigs were  chosen for the purpose; one received  five injections intra-
venously  of 1 cc.  of  Liquid  D  per  kilo  of  body weight  once  every  other  week,
while  the other received  the same dose at the same interval, but  subcutaneously.
Both  gained in body  weight  and  showed  no changes.
Liquid D will inhibit the growth of all tubercle bacilli in the common
glycerin broth culture, when it is mixedin the proportion of 1: 10,000;
a solution  of 1: 15,000 will inhibit the growth of the bacilli in a blood
serum  agar  culture.  Strains fast to the drug  could not be  obtained,
though  the attempt was made during a period  of 5 months.
In  the  following  experiments  I  employed  the  human  type  of  a
certain  virulent  strain  given  me  by  Dr. Shiga.  An emulsion  was
prepared and 0.05  mg. of the bacilli introduced into the femoral vein.
The injection  of Liquid  D was  begun  on the 4th day  after  inocula-
tion.  The  results of  the  experiment  are  shown in Table VI.
Controls.
From  Table VI it  will be seen  that  all five  control animals  died  in from 4 to
14  weeks.  They  showed  marked  macroscopic  changes,  and  were  in  the  pro-
gressive stage  of tuberculosis,  as  seen under  the microscope,  with many tubercle
bacilli.
Iodotuberculin.
Five  animals  were  treated  with  iodotuberculin,  of  which  two  died,  one  in 3,
the other  in 4 weeks,  before  the  efficiency of the  preparation could be  seen.  No.
88 died in 12  weeks.  It had slight macroscopic  changes and was in the suspended
stage with only a few bacilli.  No. 90 died in  17  weeks.  It showed slight macro-
scopic changes,  and  the  lung was  in  the progressive  stage;  the  liver and  spleen
were  in the suspended  stage.  Many bacilli  were  found in the lungs,  but few  in
the liver and spleen.  No. 91 died in 18 weeks.  It had slight macroscopic changes;
microscopically the lung was found to be in the progressive stage  with  few bacilli.
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TABLE  VI.
First  Animal Experiments.
Dura-  Change
. f  Weight  tion of  body  Macroscopic changes.  Microscopic  changes.  bacilli.
weight.
Controls.
gm.  wks.  gm.
82  330  4  -30  Highly emaciated.  Lungs:  p.  t.  +++
+  Lymph glands: swollen  Liver:  ""  ++
and  cheesy degener-  Spleen:  "  "  + ++
ation.
Lungs:  cheesy  pneu-
monia.
Liver: 1 or 2 nodules.
Spleen:  cheesy  degen-
eration.
83  240  14  +20  SameasNo. 82.  Lungs:  p.  t.  + +
+  Liver:  "  "  ++
Spleen:  "  "  ++
84  280  9  -+  Same as No. 82.  Lungs:  p. t.  . . .
+  Liver:  ""  +  + -+
Spleen:  "  "  +  ++
85  355  8  -10  SameasNo.  82.  Lungs:  p. t.  ++
+  Liver:  ""  + +
Spleen: "  "  +++
86  165  4  +30  SameasNo. 82.  Lungs:  p. t.  + 
+  Liver:  "..  + +
Spleen:  "  "  + + +
lodotuberculin.
Doses  the  same  as  those  used  by  Schr6der.
87  340  3  -50  Lymph glands: swollen  Lungs:  p.  t.  + + +
+  and cheesy degener-  Liver:  "  "  + + +
ation.  Spleen:  "  "  +++
Lungs:  cheesy  pneu-
nonia.
Liver:  m.  t.
Spleen: " 
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TABLE  VI-Continued.
Duta-  Change No. of  i  Dufa-No.  of
aNoimal  . tion  of  Macroscopic  changes.  Microscopic  changes.  bacilli.
weight.
gi.  Wks.  gi.
88  260  12  +30  No  marked changes.  Lungs:  s.  t.  +
±  Liver:  "" 
Spleen:  "  "  +
89  240  4  -20  Lymph  glands:  swell-  Lungs:  p.  t.  +++
+  ing size  of pea.  Liver:  ""  -++
Lungs:  m.  t.  Spleen:  "  ,  +  +
Liver:  "  "
Spleen:"  "
90  460  17  +10  Lymph  glands:  swell-  Lungs:  p.  t.  ++
+  ing size of rice grains.  Liver:  s.  t.  +
Lungs: 1  or 2 nodules.  Spleen:  "  "  +
Liver  and  spleen:  no
marked changes.
91  210  18  +160  Same as No. 90.  Lungs:  p. t.  +
+  Liver:  s.  t.  +
Spleen:"  " 
Liquid D.
Intravenous injection of  1 cc. of Liquid D every  3 weeks.
92  290  23  +120  Lymph  glands: big  as  Lungs:  s.  t.  +
tip of  small finger.  Liver:  "  "
Lungs: 1 or 2  nodules.  Spleen:  "  "  . +
Liver:  1  "  2  "
Spleen: 2  or 3  grayish
white  protuberant
nodules.
93  400  23  +40  Lymph  glands:  swell-  Lungs:  s.  t.  +
e  ing size  of  pea.  Liver:  ""  +
Lungs: 3 vacuoles  and  Spleen:"  "  +
1 or 2 nodules.
Liver:  1 or 2 nodules.
Spleen: 1  " 2
94  240  18  --30  Same as No. 92.  Lungs:  s. t.  +
+  Liver:  "  "
Spleen:  "  "  +
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TABLE  VI-Continued.
No. of  Dura-  Change  No. of
animal.  Weight.  tion  of  body  Macroscopic changes.  Microscopic  changes.  of
life  weight.
Intravenous injection  of  1 cc. of Liquid  D  every  other week.
gm.  wks.  gin.
95  240  23  +400  No marked  changes.  Lungs:  c.  t.
Liver:  "  "-
Spleen:"  "
96  280  23  +250  No marked  changes.  Lungs:  s.  t.
E  Liver:  ""  4
Spleen: "  "  2
97  310  23  +20  Lymph  glands:  swell-  Lungs:  c.  t.
a)  ing size of pea.  Liver:  s.  t.  +
Lungs:  no  marked  Spleen:  "  "  +
changes.
Liver:  1 or 2  nodules.
Spleen: 1  "2  "
Intravenous  injection  of 1 cc.  of Liquid  D every  week.
98  240  23  +170  Lymph glands: swelling  Lungs: s.  t.  +
size  of pea.  Liver:  ""  +
Lungs: 1 or 2 nodules.  Spleen:"  "  +
Liver and spleen: 1 or 2
nodules.
99  260  9  +150  No marked  changes.  Lungs:  s.  t.  +
+  Liver:  "  "  +
Spleen: "  "  +
100  240  15  +70  Not clear.  Not clear.  Not clear.
+
101  350  14  +10  Not dear.  Not clear.  Not clear.
102  280  13  +10  Not clear.  Not clear.  Not clear.
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TABLE  VI-Concluded.
Dura-  Change  No. of
anialo.  ofWeight.  tion of  body  Macroscopic changes.  Microscopic  changes.  No. of life.  wi  g.  bacilli.
Hypodermic  injection  of  1 cc.  of Liquid  D every  week.
gm.  wks.  gm.
103  450  12  0  Lymph glands:  swelling  Lungs:  s.  t.  +
+  size  of  rice  grains.  Liver:  "  "  +
Lungs: 1 or 2  nodules.  Spleen:  "  "  +
Liver and spleen:  or
2 nodules.
104  520  13  -80  SameasNo.  103.  Lungs:  s. t.  +
+  Liver:  "  "  +
Spleen:  "  "  +
105  375  11  +150  Lymph glands: swollen,  Lungs:  p.  t.  ++
+  cheesy degeneration.  Liver:  "  ++
Lungs: m. t.  Spleen:  "  "  + +  +
Lungs and spleen: m. t.
106  340  23  +350  No marked changes.  Lungs:  c.  t.
@D  Liver:  " 
Spleen:  "  "
107  420  8  -80  Lymphglands:swollen.  Lungs:  p.  t.  ++
+  Lungs:  m.  t.  Liver:  "" "+++
Liver:  "  "  Spleen:"  "  +++
Spleen:  "  "
Liquid D.
Three  animals  were  treated  with  an intravenous  injection  of  1 cc.  of Liquid
D  once  every  3  weeks.  No.  94  died in  18  weeks,  and  Nos.  92  and  93  were
killed  in  the  23rd  week.  Macroscopically  they  showed  slight  changes,  while
microscopically-they  were  in  the  suspended  stage  of tuberculosis.  Only  a few
bacilli  were  discovered in some organs.
Of  the three  animals  that received intravenously  1 cc. once  every  other week,
Nos.  95  and 96  had been healthy  until they were  killed for  examination in  the
23rd week.  They bore no observable macroscopic  changes  and showed  traces  of
healed tuberculosis under the microscope.  The former showed no bacilli, while the
latter showed  four in the liver and  two in the  spleen.  No. 97 was  killed in the
23rd week.  It  also showed  slight  macroscopic changes.  Under the microscopeCHEMOTHERAPY  OF  TUBERCULOSIS
the lungs  showed  traces  of  healed  tuberculosis,  without  any  bacilli,  while  the
liver  and  spleen  showed  suspended  tuberculosis  with few  bacilli.
Of  the five  animals that  received  intravenously  1 cc. of Liquid  D  weekly,  No.
98  was  healthy until  it  was  killed for  examination  in  the  23rd week,  while  No.
99  died  in the 9th  week.  Macroscopically  the  former  had  slight changes  and
the latter  practically  none.  Microscopically  both were  in the  suspended  stage
with few  bacilli.  Nos.  100,  101,  and 102  died in the  15th, 14th, and  13th weeks,
respectively.  Unfortunately  they  were  either  badly  preserved  or  overlooked
before  a thorough  examination  was  made.
Of  the  five  animals  that  received  weekly  hypodermically  1 cc.  of  Liquid D,
Nos.  103 and 104 died in the 12th and 13th weeks, respectively.  They both showed
slight  macroscopic  changes,  and  microscopically  were  in  the  suspended  stage
with only few bacilli.  No.  106 had been healthy until it was killed for examina-
tion  in  the  23rd  week.  It  exhibited  scarcely  any  macroscopic  changes,  and
under  the microscope  showed traces  of healed tuberculosis  with no bacilli.  Nos.
105  and  107  died  in  the  11th  and  8th  weeks,  respectively.  They  showed
remarkable  macroscopic  changes, and  under the  microscope  were  found to be in
the progressive  stage with numerous  bacilli.
The first animal  experiment proved that the intravenous injection
of 1 cc. of Liquid D per kilo of body weight every other week gave the
most satisfactory results, while the intravenous injection  of 1 cc. once
every  3  weeks,  and either  intravenous  or hypodermic  application  of
the  same  amount  weekly,  are  inferior  to  the  former.  From  these
results I conclude  that the best therapeutic  dose is 0.05  of  the lethal
dose.
These  experiments  emphasized  the  fact  that  the  grayish  white
nodules  that seem  to be  miliary  tuberculosis  are  merely  connective
tissue that has been made to protrude in consequence of the contrac-
tion  of the fibrous  tissue,  and also that bacilli are  sometimes present
even in the surrounding  region of the cheesy degeneration  and in the
giant cells.
Second Animal  Experiments.
0.05 mg. of  the human  type of tubercle  bacilli was emulsified and
introduced  intravenously  into guinea  pigs,  which  were  kept  for  25
days in the laboratory  without  previous treatment.  At the expira-
tion  of this  time they were  given an  intravenous  injection  of  1 cc.
of Liquid C per  kilo of  body weight  every  other week.  The whole
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number  of  the  experimental  animals  thus  obtained  was  forty-six,
eight  of which were  kept as controls.'
Controls.
From  Table  VII it will  be  seen  that the eight control animals died in the 5th
to  the  16th  weeks.  They exhibited  remarkable  macroscopic  changes, and  under
the  microscope  were  seen  to be  in the progressive  stage.  No.  114  showed  few
bacilli,  but the remaining  seven had  many.
Liquid D.
Treated  Animals  116,  117,  118,  119,  120,  121,  122,  123,  124,  and  125  had
gained in body weight.  Nos.  126,  127,  128  129,  130,  131,  132,  133,  134, and  135
had gained  in  weight  and  appeared  healthy  until killed  for examination  in  the
22nd  week.  Nos.  127,  130,  131,  and  132  showed  no  noteworthy  changes,  while
Nos.  126,  128,  129,  133,  and  135  showed  a  few  grayish  white  nodules.  On
microscopic  examination  Nos.  127,  129,  130,  131,  132,  and  133  showed  traces  of
healed  tuberculosis,  while  Nos.  126,  128,  134,  and  135  had  suspended  lesions.
One  or  two  bacilli  were  sometimes  found  in  the  whole  surface  of  the  slide,
but as a rule no bacilli  were present.  No.  128,  which  was killed  on the 3rd  day
after an injection  of Liquid D, showed  only  one bacillus  in the lung preparation;
all  the pathological  lesions  exhibited the  beginning of a remarkably  active reac-
tion.  Nos.  136,  137,  138,  139,  140,  141,  142,  143,  144, and  145  died in the  11th
to  the  17th  week;  some  gained  in  weight  while  others  lost.  On  macroscopic
examination  Nos.  137,  138,  139,  140,  and  141  exhibited  no remarkable  changes;
Nos.  136,  142,  143,  144,  and  145  showed  only  slight  changes.  On microscopic
examination  Nos.  137,  139,  140,  and  141  showed  healed  tubercular lesions;  Nos.
136,  138,  142,  143,  144,  and  145  showed  suspended  ones.  The  liver  of  No.  145
showed  small  numbers  of  bacilli.  Of  the  remaining  animals,  however,  some
harbored  only one  and at  most seven bacilli  per  slide.  Nos.  146 and  149  died
in  11  and  14  weeks,  respectively.  On  macroscopic  examination  only  slight
changes  were visible,  while  microscopically  the  animals  were found to be  in the
suspended  stage with  sometimes  few  and  sometimes  a larger  number  of  bacilli.
Animals  147,  148,  150, and 151  died in the 8th to the 16th weeks.  Marked macro-
1 This experiment  was  carried  on  during  the  time  in which  Dr. Kitasato  left
the Imperial  Institute  for the  Study  of Infectious  Diseases  and  established  the
Kitasato Institute for Infectious Diseases.  Owing to the lack of a proper animal
house, the same care  could  not be taken  of the animals, and hence  they suffered
somewhat from lack of regular food, and some developed  diarrhea in consequence
of the  cold.  The percentage  of duration of  life in this second experiment  cannot
therefore be established  exactly.
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TABLE  VII.
Second Animal Experiments.
N  ofDura-  in  No. of Weight.  tion of  i  Macroscopic  changes.  Microscopic  changes.  bc
animal.  life.  ,  bought.  bacilli.
Controls.
gm.  w ks.  gMn.
108  300  13  0  Lymph glands: swollen,  Lungs:  p.  t.  + + +
+  cheesy degeneration.  Liver:  "  "  +  +  +
Lungs:  cheesy  pneu-  Spleen: "  "  ++
monia.
Liver and spleen:
cheesy pneumonia.
109  300  16  -20  Lymph  glands:  swell-  Lungs:  p. t.  ++
+  ing size of pea.  Liver:  ""  ++
Lungs:  cheesy  pneu-  Spleen:  "  "  +
monia.
Liver:  no  marked
changes.
Spleen:  cheesy  degen-
eration.
110  330  11  -20  Lungs: 1 or 2 nodules.  Lungs: p.  t.  +
+  Liver:  m.  t.  Liver:  "  "  ++
Spleen: "  "  Spleen:  "  "  ++
111  290  12  -30  SameasNo.  110.  Lungsi p.  t.  +++
+  Liver:  ""  +  +
Spleen:  "  "  +++
112  290  5  -30  Same asNo. 110.  Lungs:  p.  t.  ++ 
+  Liver:  ""  +
Spleen: "  "  ++
113  280  10  -20  Same as No. 110.  Lungs:  p. t.  ++
+  Liver:  ""  ++
Spleen: "  "  +
114  280  12  +70  Lungs: 1 or 2  nodules.  Lungs:  p. t.  +
+  Liver: several  nodules.  Liver:  "  "  +
Spleen:  "  "  Spleen:  "  "  +
115  290  10  -30  Same as No. 110.  Lungs:  p.  t.  +++
+  Liver:  ""  +++
Spleen: "  "  ++
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TABLE  VII-Continued.
No. of animal.  Weight.  |  Duration of life.  Change in body weight after treatment.
Intravenous  injection  of  1 cc.  of  Liquid D every other week.
gm.  gm.
116  430  Healthy.  +260
117  260  i  +  50
118  310  i  +130
119  370  "  +  80
120  280  i  +180
121  270  "  +  70
122  280  "  +  60
123  320  i  +130
124  380  "  +130
125  220  "  +  40
Change
No.  f  Wet  Duration  in  No.  of anmal.Weight.  of life.  body  Macroscopic  changes.  Microscopic changes.  bacilli.
weight.
gm.  Wks.  gm.
126  330  22  +140  Lymph  glands: big  as  Lungs:  s.  t.  2
tip of small  finger.  Liver:  "  "
Lungs:  1 or 2 nodules.  Spleen: "  "  1
Liver:  1"  2  "
Spleen: 1 " 2
127  300  Same  as  +210  No marked change ex-  Lungs:  c.  t.  1
No. 126.  cept  central  cheesy  Liver:  "  "
degeneration  size  of  Spleen: ""
pea in lymph glands.
128  310  Same  as  +59  Marked  hyperemia  of  Lungs:  s.  t.  1
No. 126.  internal  organs.  Liver:  "  "
Lungs,liver, and spleen:  Spleen:  ""
1 or 2  nodules.
129  360  Same  as  +  100  Lungs, liver, andspleen:  Lungs:  c.  t.
No. 126.  severalgrayish white  Liver:  "  "
protuberant nodules.  Spleen:  "  "  2
130  260  Same  as  +310  No marked changes.  Lungs:  c. t.  -
No.  126.  Liver:  ""  1
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TABLE  VII-Continued.
Change
No. of  Duration  in  No. of
animal.  Weight.  of life.  Macroscopic changes.  Microscopic  changes.  acNo.if
- weight.
gm.  wks.  gnm.
131  350  Same  as  +190  No marked changes.  Lungs:  c. t.
No. 126.  Liver:  "  "
Spleen:  "
"
132  310  Same  as  +290  No marked  changes.  Lungs:  c.  t.  1
No. 126.  Liver:  "  "
Spleen:  "
133  280  Same  as  +100  Same asNo. 129.  Lungs:  c. t.  1
No. 126.  Liver:  "  "
Spleen: "  "
134  310  Same  as  +180  Lymph  glands:  swell-  Lungs:  s.  t.
No.  126.  ing size of pea.  Liver:  "  "
Lungs: inflamed.  Spleen:  "  "
Liver and spleen:  1 or
2 nodules.
135  350  Same  as  +40  Lymph  glands: big  as  Lungs:  s.  t.
No. 126.  tip  of  small  finger,  Liver:  "  "
central  cheesy  de-  Spleen:  "  "
generation.
Lungs: 1 or 2 nodules.
Liver: no  marked
changes.
Spleen:  cheesy  degen-
eration.
136  250  13  -20  Lymph glands: swollen,  Lungs:  s.  t.  3
+  large  central  cheesy  Liver:  "  "  2
degeneration.  Spleen:  "  "  1
Lungs: inflamed.
Liver and spleen: 1 or 2
nodules.
137  230  16  -+  No marked  changes.  Lungs:  c.  t.  1
+  Liver:  "  "  1
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TABLE  VII-Continued.
Change
No. of  Weight.  Duration  in  No.  of animal.  Weight.  DuratonMaicroscopic  changes.  Microscopic  changes.  bacilli. animal.  of life.  body  bacilli.
weight.
gm.  wks.  gin.
138  290  14  -50  No marked changes.  Lungs:  s.  t.  3
+  Liver:  "  "
Spleen:"  "
139  300  16  -+  No marked  changes.  Lungs:  c.  t.
+  Liver:  "" 
Spleen:  "  "
140  310  17  +90  No marked  changes.  Lungs:  c.  t.  2
+  Liver:  ""  1
Spleen:  "  "  6
141  '  300  15  +15  No  marked  changes.  Lungs:  c.  t.  2
+  Liver:  ""  _
Spleen:" , 
142  260  15  - +  Same  as No.  136.  Lungs:  s.  t.  7
+  Liver:  "  "  5
Spleen:  "  "  3
143  300  16  -+  Same  as No.  136.  Lungs:  s.  t.  1
+  Liver:  "" 
Spleen:  "  "  2
144  280  15  -50  Same  as No.  136.  Lungs:  s.  t.  3
+  Liver:
Spleen:"  "
145  310  11  -50  Same  as No.  136.  Lungs:  s.  t.  7
+  Liver:  ""  +
Spleen:  "  7
146  300  11  -50  Lymph  glands:  swell-  Lungs:  s.  t.  ++
+  ing size of pea.  Liver:  ""  - + +
Lungs:  grayish  white  Spleen: "  "  +-
nodules.
Liver:  grayish  white
nodules.
Spleen:  grayish  white
nodules.
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TABLE  VII-Concluded.
Change
No  of  Duration  in  No. of
animal.  Weight.  f life.  body  Macroscopic changes.  Microscopic  changes.  bacilli.
weight.
gm.  wks.  gm.
147  320  11  -40  Lungs:  cheesy  pneu-  Lungs:  p.  t.  +++
+  monia.  Liver:  "  "  +  + +
Liver:  m.  t.  Spleen:  "  "  ++
Spleen:  "
148  280  8  -30  Lymph glands: swollen,  Lungs: p.  t.  + +
+  cheesy degeneration.  Liver:  "  "  +
Lungs: m. t.  Spleen: "  "  +
Liver and spleen: m. t.
149  270  14  - +  Same as No. 146.  Lungs:  s.  t.  +
+  Liver:  "  "  +
Spleen:  "  "  +
150  280  14  --30  SameasNo.  147.  Lungs:  p.  t.  ++
+  Liver:  ""  + +
Spleen:  "  "  +
151  280  16  -+  SameasNo.  147.  Lungs:  p.  t.  +++
+  Liver:  " "  +-  ++
Spleen:  "  "  + +
152  250  22*  +10  Lymphglands:swollen.  Lungs:  p.  t.  .+++
+  Lungs:  small  nodules  Liver:  "  "  + + -
scattered  between  Spleen: "  "  +
several grayish white
protuberant nodules.
Liver: the same.
Spleen: the same.
153  460  22*  +50  No marked changes.  Lungs:  p. t.  +++
+  Liver:  ""  +++
Spleen: "  "  +++
* These  two animals died of the reaction arising from  a sudden  increase of the
dose, which  was  doubled and which led  to  a  marked  development  of  the  path-
ological  processes.
scopic  changes  were  present  and  progressive  tuberculosis  with  a  large  number
of tubercle bacilli.  In  the last  four animals the  action  of Liquid D was not yet
complete.
Nos.  152  and  153  were  given twice  the  dose  of  the  liquid  in the  22nd  week
and died  of the  reaction  4 days later.  On  macroscopic  examination  the former
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showed  slight  changes  and  the  latter  none.  On  microscopic  examination  the
tissues surrounding  the lesion were  in  a state  of great  congestion  and  masses of
lymphatic  cells  as well as leukocytes were  present.  The lesions were surrounded
by a  new growth  of  granulation  and  connective  tissue, but  the  centers  showed
cheesy  degeneration.
In spite of the various obstacles  to which the last series of animals
had been  subjected,  the following  results  were obtained.  Of 38 ani-
mals,  20  had  remained  apparently  healthy  for  22  weeks,  when  10
were killed for examination,  of which 6 exhibited indications of healed
tubercular  lesions,  and 4  were  in the  suspended  stage.  Of  the  re-
maining  18 animals,  2 died in consequence  of  the reaction  caused by
the  sudden  increase  of the  dose  of  the preparation,  and  hence may
be deducted from the total number.  Of the  16  left,  4 showed  traces
of healed tuberculosis,  8 were in the suspended  stage, and  the remain-
ing 4 in  the progressive  stage similar  to the controls.
SUMMARY.
Judging  from  the macroscopic  and microscopic  study  of  the  ani-
mals  treated with  the liquid,  its action  upon  the  tubercular  lesions
seems to be about as follows:  The effect of a single injection upon the
lesions  is either negative or inconspicuous.  But after repeated injec-
tions  of  the  preparation  the  congestion  and  leukocytic  infiltration
about the lesions are markedly decreased, the cheesy material resulting
from  degeneration  of  the  lesions  and  other  degeneration  products
are  in  process  of  absorption,  and  young  connective  tissue  is  being
actively produced in the periphery.  While  these changes  are taking
place the number of the bacilli is also being reduced until finally they
can no longer be detected  on microscopic  examination.
Hence it appears that while the preparation may lack bactericidal
action in vivo powerful  enough  to destroy all the bacilli at one injec-
tion, yet repeated infusions may nevertheless bring about the destruc-
tion  of  all  the bacilli and  the modification  of  the  tubercular  lesion
into  that of the  suspended  stage  or even  into  the  healed  condition.
Whether, therefore,  the preparation brings about these results directly
by  killing  the bacilli  or  indirectly  by favoring  the healing  processes
of  the body,  nevertheless  it has  power  to  inhibit  the growth  of  or
annihilate entirely  the bacilli in vivo.
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The experiments  reported leave  no doubt that Liquid  D is capable
of  bringing  about  the  healing  of  experimental  tubercular  lesions;
but  thus  far  that  most  important  problem  in  chemotherapeutics,
namely,  the extent  of  the  cure produced,  has not been  solved.  The
experiments indicate that sterility of the tissues  as far as microscopic
examinations go has been secured;  but microscopic examination is not
after all an  absolute  test of  sterility.
In order to test this point, emulsions were made of the lungs, liver,
spleen,  and  other  organs  of  Treated  Animals  134  and  135  (Table
VII), and  they  were inoculated  into the abdominal  cavity  of guinea
pigs.  Some  of  the animals  receiving  the  emulsion  developed  tuber-
culosis,  and  therefore  absolute  sterility  of  the  treated  animals  had
not been obtained in these instances.
The problem of the destination and distribution of the preparation
in the body  of  the treated  animal,  as  well  as its  action  against  the
tubercle  bacilli,  lesions,  and  the  tubercular  organs  of  the  infected
guinea pigs, is now  being  studied further  with results  to be reported
at  some  future  time.
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EXPLANATION  OF  PLATES.
PLATE  11.
FIG.  1.  Control guinea  pig  (No.  111).  All  the  nodules  present  a  grayish
yellow  color  and are  transparent.  They  are more or less cirrhotic.  The spleen
is greatly swollen.
PLATE  12.
FIG.  2.  Treated  guinea  pig  (No.  113).  All  the  nodules  present  a  grayish
white color.  In the liver  they are cirrhotic.  The  spleen  remains  small.
PLATE  13.
FIG.  3.  Control guinea pig (No.  111).  Tuberculous nodule in the liver.  Leitz
oc.  1, obj.  7.
a, focus of  caseous degeneration;  b, infiltrated layer; c, giant  cells.
FIG.  4.  Fibrous  nodule  in  the lung  of  a treated guinea  pig (No.  123).  Leitz
oc.  3, obj.  3.
a, nodule; b, parenchyma of the lung; c, calcareous  deposit; d, glandular  change
of the bronchioles caused  by chronic interstitial  inflammation.
PLATE  14.
FIG.  5.  Fibrous nodule of  the liver  of  a treated  guinea  pig  (No.  123).  Leitz
oc.  1, obj.  7.
a, nodule;  b, lobuli hepatici;  c, intrahepatic bile ducts; d, blood vessel.
FIG  6.  Fibrous nodule of the spleen of a treated guinea pig  (No.  123).  Leitz
oc.  1,  obj.  7.
a,  nodule;  b,  follicle;  c, sinus  venosus.
PLATE  15.
FIG.  7.  Fibrous nodule of the inguinal  glands of a treated guinea pig (No. 123).
Leitz oc.  1,  obj.  7.
a, nodule;  b, follicle.
The above paper  exceeds the limit of size set by the Journal.  The reason  for
publishing  it  in  spite  of its  length  is  found  in  the  present  importance  of  the
subject of the specific  treatment of tuberculosis to which  the  paper  is  a  contri-
bution.-THE  EDITOR.
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